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RARE GAS DISCHARGE LAMP LIGHTING APPARATUS 

Technical Field of the Invention 

5 The present invention relates to a lamp lighting 

apparatus for a rare gas discharge lamp used as a light 
source for image scanning of a copier, a facsimile and a 
scanner etc., and particularly relates to a lamp lighting 
apparatus for a rare gas discharge lamp having an inverter 
10 circuit in which lighting is carried out in flyback 
transformer system. 

Description of Related Art 

15 Conventionally, as a discharge lamp used for a scanning 

light source of a business machine or a backlight for a 
liquid crystal display apparatus and the like, a rare gas 
discharge lamp is preferably used wherein rare gas is 
enclosed inside a glass tube and a pair of approximately 

20 strip shaped outside electrodes are provided on the outer 
surface of the glass tube. 

Figs. 4A and 4B are a diagram showing an example of the 
structure of the rare gas discharge lamp. Fig. 4A shows a 
cross sectional view taken in a direction vertical to the 
25 axial direction of the rare glass discharge lamp. Fig. 4B is 
a side elevational view thereof. 
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As shown in the figures, the rare glass discharge lamp 
comprises a discharge container made of dielectric such as 
glass, a pair of strip shaped electrodes made of aluminum and 
the like which are, in the tube axis direction, approximately 
5 entirely disposed on the side surface of the glass tube, and 
a fluorescent material layer formed on the discharge 
container . 

When voltage is applied between the electrodes of the 
rare gas discharge lamp from a power feeding apparatus (not 

10 shown) , input current does not directly flow through the 

discharge space since the dielectric is lies between the pair 
of electrodes. However, since the dielectric functions as a 
kind of condenser, current flows and so-called barrier 
discharge occurs, and then discharge gas emits light whereby 

15 ultra-violet light is emitted. 

In order to efficiently obtain ultra-violet light by 
the dielectric barrier discharge, it is desirable to set a 
certain waiting period after discharge and use the excimer 
discharge generated before for the next voltage application 

20 without extinction thereof. 

In general, high frequency alternating current volt is 
not applied to this type of discharge lamp, but a pulse 
emission type system in which a constant waiting period for 
application of current or voltage is set is used. 

25 A system in which flyback voltage of flyback 

transformer is used is known as a system for pulse emission. 
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In Japanese Laid Open Patent No. 11-312596, such a system is 
disclosed. 

Fig. 5 shows an example of a conventional rare gas 
discharge lamp lighting apparatus. Fig. 6 is a graph showing 
5 a sequence of each part of the rare gas discharge lamp 
lighting apparatus . 

As shown in Fig. 5, when DC 24 V is applied from a 
direct current power source apparatus (not shown) to an 
inverter circuit, as shown in Fig. 6A, charged voltage is 
10 obtained between both ends of the smoothing condenser wherein 
the voltage gradually rises based on time constant which is 
determined by impedance of the direct current power source, 
the inverter circuit, and the smoothing condenser etc. 

In order to normally operate the rare gas discharge 
15 lamp lighting apparatus, as shown as D in Fig. 6, an ON 

signal of lamp ON/OFF signals is input from an input terminal 
of an open collector provided outside the inverter circuit 
after a certain time At 2 passes from the time when direct 
current voltage, DC 24 V is input. Conventionally, the time 
2 0 At 2 is set to longer than 500 ms so as to allow enough time. 

When the On signal of the lamp ON/OFF signals is input, 
a signal level of the outside open collector of the 
transistor Trl falls to the low level whereby a transistor 
Tr2 turns ON and then, as shown in Fig. 6, voltage Vcc is 
25 input to a controlling circuit. When the voltage Vcc is 

input, an oscillating circuit provided in the controlling 
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circuit operates and a gate signal comprising rectangular 
waves is output from a DRV terminal of the controlling 
circuit to a gate of a switching element comprising an FET as 
shown in Fig. as C 6 . 
5 When the gate signal is high, the FET turns ON, and 

during the period, electromagnetic energy is accumulated on 
the primary side of the flyback transformer. When the gate 
signal falls to low level, FET turns OFF, and at the moment, 
the electromagnetic energy accumulated in the primary side is 

10 discharged to the secondary side so as to impress the output 
voltage induced on the secondary side to the rare gas 
discharge lamp whereby the rare gas discharge lamp turns on. 

After that, the controlling circuit feedback-controls 
the FET based on an output from a detecting circuit so that 

15 drain voltage is maintained to be a certain voltage. 

During that time, current input to the inverter circuit, 
as shown in Fig. 6E, is controlled to, for example, 1 A (one 
ampere) . 

2 0 Summary of the Invention 

By the way, it is desired to shorten risetime of the 
light source (a lamp) of a business machine and also it is 
required to further shorten time to light a lamp in a rare 
2 5 gas discharge lamp lighting apparatus having the above - 
described inverter circuit . 
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For example, in the above described rare gas discharge 
lamp lighting apparatus, to shorten time to light the lamp, 
it may be required to bring the time At 2 to zero (0) . 
However, in the above mentioned rare gas discharge lamp 
5 lighting apparatus, if direct current, DC 24 V is applied, 
and simultaneously, an ON signal of the lamp ON/OFF signals 
is output so as to bring the time At 2 to zero (0) , the 
problems described below occur. 

Fig. 7 is a chart showing a sequence of each part in an 

10 abnormal operation of the above-described rare gas discharge 
lamp lighting apparatus in case that an ON signal is output 
and at the same time when direct current DC 24 V is applied. 

As shown as A and D in Fig. 7, when an ON signal of the 
lamp ON/ OFF signals is output and at the same time when 

15 direct current DC 24 V is applied, as shown as B in Fig. 7, 
since the controlling circuit starts operating when V CC =6V, 
the controlling circuit starts operating at a point of time A 
t 2 when voltage between both ends of the smoothing condenser 
is charged to 6V. As a result, as shown as C in Fig. 7, the 

20 controlling circuit tries to control the FET so as to apply 

power to the inverter circuit based on drain voltage detected 
by the detecting circuit until the drain voltage rises to a 
predetermined voltage. Because of that, when charging 
voltage of the smoothing condenser is low, as shown as E in 

2 5 Fig. 7, excessive current flows. 

For example, in case that input current is set to one 
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ampere (1 A) when the input voltage to the inverter circuit 
is 24 V, for power to be the same as that in case of input 
voltage of 6 V, input current of four ampere (4 A) flows. 
Since a current fuse is usually provided on the 
5 inverter circuit, and the rated current of the fuse is twice 
as much as rated current of the apparatus, as a result, the 
current fuse is melt. 

In the conventional rare gas discharge lamp lighting 
apparatus, when rated voltage DC 24 V is applied as rated 

10 voltage, an ON signal of the lamp ON/OFF signals is output 
after waiting for 500 ms or longer. 

Also, in a conventional rare gas discharge lighting 
apparatus in which ON operations of the controlling IC which 
is part of the controlling circuit and the lamp are carried 

15 out by the same switch circuit, after an outside direct 

current power source (DC 24 V) is driven, the lamp cannot be 
turned on until voltage is raised to voltage at which the 
controlling IC can operate without any problems. 

In view of the above described problems, an object of 

2 0 the present invention is to provide a rare gas discharge lamp 
lighting apparatus capable of preventing abnormal operations 
(i.e. melting of a current fuse of the rare gas discharge 
lamp lighting apparatus etc.) even though an ON signal of 
lamp ON/OFF signals is output at moment when DC 24 V is 

2 5 applied from a direct current power source, and capable of 
shortening risetime of a lamp by outputting an ON signal of 

6 

DC128411 



PATENT APPLICATION 



Attorney Docket No. UDK-0011 



the lamp ON/OFF signals and at the same time voltage of DC 24 
V is applied. 

According to the present invention, a rare gas 
discharge lamp lighting apparatus has a power supply, a 
5 transformer, a switching element which is in series connected 
to the power supply and a primary side of the transformer, a 
rare gas discharge lamp connected on a secondary side of the 
transformer, and an input terminal for inputting a lamp 
lighting signal, a controlling circuit for outputting a 
10 controlling signal to the switching circuit by calculating at 
least one of output voltage, output current and output power, 
and an operating voltage input terminal to which voltage is 
impressed to initiate an operation of the controlling circuit 
based on the lamp lighting signal, wherein a delay element is 
15 provided between the input terminal and the operating voltage 
input terminal . 

In the rare gas discharge lamp lighting apparatus, a 
first controlling element may be connected between the power 
supply and the operating voltage input terminal, and the 
2 0 delay element may be provided between the input terminal and 
the first controlling element. 

Also, in the rare gas discharge lamp lighting apparatus, 
a first controlling element may be connected between the 
power supply and the operating voltage input terminal, a 
25 second controlling element may be connected between a first 
controlling terminal of the first controlling element and 
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ground, the input terminal may be connected to a second 
controlling terminal of the second controlling element, and 
the delay element may be connected between the second 
controlling element and the ground. 
5 Further, the delay element may be a zener diode. 

Furthermore, according to the present invention, a lamp 
lighting apparatus havs a transformer, a switching element 
connected to a primary side of the transformer, a lamp 
connected on a secondary side of the transformer, and an 

10 input terminal for inputting a lamp ON signal, a controlling 
circuit for outputting a controlling signal to the switching 
circuit, and an operating voltage input terminal to which 
voltage is impressed to initiate an operation of the 
controlling circuit based on the lamp lighting signal, 

15 wherein a delay element is provided between the input 
terminal and the operating voltage input terminal. 

The present invention will become more apparent from 
the following detailed description of the embodiments and 
examples of the present invention. The reference characters 

2 0 in claims are attached just for convenience to clearly show 
correspondence with the drawings, which are not intended to 
limit the present invention to the configurations shown in 
the accompanying drawings . 

25 Description of the Drawings 



8 

DC128411 



PATENT APPLICATION 



Attorney Docket No. UDK-0 011 



The present inventions will now be described by way of 
example with reference to the following figures in which: 

Fig.l is a diagram showing the structure of a rare gas 
discharge lamp lighting apparatus according to the first and 
5 second embodiments of the present invention; 

Fig. 2 is a diagram showing a sequence of each part of 
the rare gas discharge lamp lighting apparatus of according 
to the first and second embodiments of the present invention; 

Fig. 3 is a diagram showing a sequence of each part of 
10 the rare gas discharge lamp lighting apparatus according to 
the present invention; 

Fig. 4A shows a cross sectional view taken in a 
direction vertical to the axial direction of the rare glass 
discharge lamp; 
15 Fig. 4B is a side elevational view thereof. 

Fig. 5 is a diagram showing the structure of a 
conventional rare gas discharge lamp lighting apparatus; 

Fig. 6 a diagram showing a sequence of each part of the 
conventional rare gas discharge lamp lighting apparatus; and 
2 0 Fig. 7 is a diagram showing a sequence of each part of 

the conventional rare gas discharge lamp lighting apparatus 
in an abnormal operation when an ON signal of the lamp ON/OFF 
signals is input upon impression of DC 24 V. 

25 Detailed Description of the Invention 
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The first embodiment of the present invention will be 
described referring to Figs . 1 and 2. 

Fig.l is a diagram showing the structure of a rare gas 
discharge lamp lighting apparatus according to the present 
5 invention. 

As shown in Fig. 1, the rare gas discharge lamp 
lighting apparatus comprises a power source terminal 1 to 
which DC 24 V is applied from a direct current power supply 
apparatus (not shown), a smoothing condenser 2, a flyback 

10 transformer 3, a rare gas discharge lamp 4, an input terminal 
5 in which lamp ON/OFF signals are input, a transistor 6 
functioning as a second controlling element, a zener diode 7 
provided for functioning as delay means, a transistor 8 
functioning as a first controlling element, an EFT 10 

15 functioning as a switching element of an inverter circuit, a 
controlling circuit 9, comprising a controlling IC for 
starting an operation based on an lighting start signal input 
from the input terminal 5, processing output voltage, output 
current and output power, and outputting a gate signal to a 

20 gate of the FET 10, an operating voltage input terminal 91 in 
which voltage V cc for initiating an operation of the 
controlling circuit 9 is input, a DRV terminal 92 outputting 
a gate signal comprising rectangular waves to the gate of the 
FET 10 from the controlling circuit 9, a detecting circuit 11 

25 for detecting drain voltage of the FET 10 and feeding it back 
to the controlling circuit 9 and a fuse 12. 
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As described referring to Fig. 4, the rare glass 
discharge lamp 4 comprises a discharge container made of 
dielectric such as glass, a pair of strip shaped electrodes 
made of aluminum and the like which are, in the tube axis 
5 direction, approximately entirely disposed on the side 

surface of the glass tube, and a fluorescent material layer 
formed on the discharge container. 

Although the detecting circuit 11 is adopted to detect 
drain voltage of the FET 11, feedback control of lamp current 
10 or drain current and the like on the secondary side of the 
flyback transformer 3 and control sucha as feed- forward 
control based on input voltage may be used for the present 
invention . 

The zener diode used as the delay means, has zener 
15 voltage which is more than that for initiating an operation 
of the controlling circuit. The embodiment is described 
above using the zener diode as the delay means, however, 
other delay means may be used for the present invention. 

Fig. 2 is a chart showing a sequence of each part of 
20 the rare gas discharge lamp lighting apparatus according to 
the present invention. 

Description of an operation of the rare gas discharge 
lamp lighting apparatus, will be given below. 

As shown in Fig. 1, when DC 24 V is applied to the 
2 5 inverter circuit from the power source terminal 1, as shown 
as A in Fig. 2, voltage between both ends of the smoothing 
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condenser 2 rises base on the time constant determined by- 
impedance of the direct current power source apparatus (not 
shown) , the inverter circuit, and the smoothing condenser 2 
and the like, and charging voltage is obtained between the 
5 ends of the smoothing condenser 2 . 

To make the rare gas discharge lamp lighting apparatus 
work, as shown as D in Fig. 2, an ON signal of the lamp 
ON/OFF signal is input and at the same time, direct voltage, 
DC 24 V is input from the input terminal 5 of the open 

10 collector provided outside the inverter circuit. 

When the ON signal of the lamp ON/OFF signals is input 
to the input terminal 5, although a signal of the transistor 
6 falls to a low level, the transistor 8 does not turns on 
until the zener diode 7 turns on. As a result, the 

15 controlling circuit 9 does not operate. That is, as shown as 
B in Fig. 2, after the zener diode 7 turns on after a certain 
time At 4 delay because of the function of the zener diode 7, 
the transistor 8 turns on with delay and voltage V cc is input, 
with delay, to the operating voltage input terminal 91 of the 

20 controlling circuit 9, whereby an operation of the 
controlling circuit 9 starts. 

When voltage V cc is applied to the operating voltage 
input terminal 91, an oscillation circuit provided in the 
controlling circuit 9 operates, and a gate signal is output 

2 5 to the gate of the FET 10 from the DRV terminal 92 of the 
controlling circuit 9 as shown as C in Fig. 2. 
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While a level of the gate signal is high, the FET 10 is 
on, and electromagnetic energy is accumulated on the primary 
side of the flyback transformer 3. Next, when the level of 
the gate signal becomes low, the electromagnetic energy 
5 stored in the primary side is discharged to the secondary 
side of the flyback transformer 3 at a moment the FET 10 
turns off, whereby output voltage induced on the secondary 
side is impressed to the rare gas discharge lamp 4, and the 
rare gas discharge lamp 4 is lighted. After that, the FET 10 
10 is feedback-controlled by the controlling circuit 9 based on 
output of the detecting circuit so that output voltage 
becomes a predetermined voltage. During that time, input 
current which is input in the inverter circuit is shown as E 
in Fig. 2. 

15 When, as the above described zener diode 7, an element 

having, for example, 15 V zener voltage is used, the voltage 
V cc which is input to the operating voltage input terminal 91 
of the controlling circuit 9 can be raised to 15 V. For that 
reason, in case that input voltage of the inverter circuit is 

2 0 DC 24 V and input current is set to 1 A, in order for the 

power to be the same as that in case of 15 V input voltage, 
input current of 1.6 A is used for such control, whereby it 
is possible to rapidly light the rare gas discharge lamp 4 
and to stably operate the apparatus without causing excessive 

25 current which is more than rated current of the current fuse. 

According to the present invention, since the delay 
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time At 4 becomes approximately 50 ms, it is possible to 
shorten to one tenth risetime of the lamp of the conventional 
apparatus, that is 50 0 ms . 

According to the present invention, it is possible to 
5 solve the problem in the prior art that after outside direct 
current power source (DC 24 V) is driven, the lamp cannot be 
turned on until voltage is raised to voltage at which the 
controlling IC can operate without any problems since the ON 
operations of the controlling IC which is part of the 

10 controlling circuit and the lamp are carried out by the same 
switch circuit whereby the lamp cannot be rapidly lighted. 
Therefore, according to the present invention, since a delay 
means is provided between the input terminal for the lamp ON 
operation and the controlling IC wherein only an operation of 

15 the controlling IC is delayed, it is possible to carry out an 
ON operation of the lamp prior to driving of the controlling 
IC whereby it is possible to shorten risetime of the lamp. 

Next, description of the second embodiment will be 
described below referring to Fig. 3. 

2 0 Fig. 3 is a diagram showing a sequence of each part of 

the rare gas discharge lamp lighting apparatus of the second 
embodiment according to the present invention. 

As shown in Fig. 3, a zener diode 13 is connected 
between the emitter of the transistor 6 and the ground. 

2 5 Other components of the rare gas discharge lamp lighting 

apparatus according to the second embodiment corresponds to 
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that of the first embodiment, therefore, explanation thereof 
will be omitted. 

Next, The first embodiment of the present invention 
will be described referring to Figs. 2 and 3. 
5 As shown in Fig. 3, when DC 24 V is applied to the 

inverter circuit from the power source terminal 1, as shown 
as A in Fig. 2, voltage between both ends of the smoothing 
condenser 2 rises base on the time constant determined by 
impedance of the inverter circuit, and the like, and charging 
10 voltage is obtained between both ends of the smoothing 
condenser 2 . 

To make the rare gas discharge lamp lighting apparatus 
work, as shown as D in Fig. 2, an ON signal of the lamp 
ON/OFF signals is input at the same time as that direct 

15 voltage, DC 24 V is input from the input terminal 5 of the 
open-collector provided outside the inverter circuit. 

When the ON signal of the lamp ON/OFF signals is input 
to the input terminal 5, the transistor 6, that is, the 
second controlling element, does not turn on until the zener 

20 diode 13 turns on. As a result, the transistor 8, that is, 

the first controlling element, and the controlling circuit 9 
do not operate, either. That is, as shown B in Fig. 2, after 
the zener diode 13 turns on after a certain time At 4 delay 
because of the function of the zener diode 13, the 

25 transistors 6 and 8 turn on with delay and also voltage V cc 

is input, with delay, to the operating voltage input terminal 
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91 of the controlling circuit 9, whereby an operation of the 
controlling circuit 9 starts. 

When voltage V cc is applied to the operating voltage 
input terminal 91, an oscillation circuit provided in the 
5 controlling circuit 9 operates, and a gate signal is output 
to the gate of the FET 10 from the DRV terminal 92 of the 
controlling circuit 9 as shown as C in Fig. 2. 

After this, the operation of this apparatus is the same 
as the first embodiment of the present invention, 
10 Therefore, the explanation is omitted. 

Thus, according to the second embodiment of the present 
invention, as well as the first embodiment, it is possible to 
light the rare gas discharge lamp at the same time as that 
direct current power source voltage, DC 24 V is applied, and 
15 to stably operate the rare gas discharge lamp lighting 

apparatus without causing excessive current more than rated 
current of the current which is fuse. 

Although in the above described embodiments, the 
example that input voltage is DC 24 V, is described, higher 
20 voltage may be used as input voltage. Also the system in 

which drain voltage is detected for controlling, is described, 
but other factors, such as drain current, lamp current may be 
used . 

According to the present invention, since, by providing 
25 delay means, it is possible to operate the controlling 

circuit after voltage of the operating voltage input terminal 
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reach a certain voltage, it is possible to prevent an 
abnormal operation of the rare gas discharge lamp lighting 
apparatus even though an ON signal of the lamp ON/OFF signals 
is output at the same time as that current power source 
5 voltage is applied, and to shorten risetime of the lamp. 

Also, it is possible to form delay means by using a 
zener diode as the delay means. 

The disclosure of Japanese Patent Application No. 2 002- 
266257 filed on September 12, 2002 including specification, 
10 drawings and claims is incorporated herein by reference in 
its entirety. 

Although only some exemplary embodiments of this 
invention have been described in detail above, those skilled 
in the art will readily appreciated that many modifications 
15 are possible in the exemplary embodiments without materially 
departing from the novel teachings and advantages of this 
invention. Accordingly, all such modifications are intended 
to be included within the scope of this invention. 
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